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Mechanised Plant for Handling-Crushing-Grading and Loading 
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WIRKSWORTH QUARRY 
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Consultants, Designers, Manufacturers and Main Contractors for complete installations 


HANDLING-CRUSHING-GRADING and TREATING 
LIMESTONE AND METALLIFEROUS ORE 50 
TONS UP TO 1,000 TONS PER HOUR TO SUIT 
THE NEEDS OF THE INDIVIDUAL CUSTOMER 


ERNEST NEWELL & COMPANY LIMITED 


Consulting, Contracting, and Manufacturing Engineers 


MISTERTON, Via DONCASTER, ENGLAND 
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Whatever your 
transmission problems we 
design gears for any 
power—any speed. 
More than 50 years of 
specialised experience 


at your service. 


ee 


WEST DRAYTON, MIDDLESEX 
Telephone : West Drayton 2626 (4 lines) Telegrams: Roc. West Drayton 
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Wherever it matters, HAVER 
pre-compacting valve BAGGING MACHINES 


are used 


CAPACITIES. With our three-spout machine one man can 
fill 1000-1100 sacks per hour, equal to 50-55 tons. These 


guaranteed figures are usually exceeded in_ practice. 


HAVER: BOECKER 


Engineering Works—Wire Weaving Department OELDE WESTFALEN 


U.K. Representatives :- 


CONTINENTAL ENGINEERING CO. LTD., London Road, Ascot, Berks. 
Tel. No: Winkfield Row 395 
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ECONOMICAL 
CONTRIBUTIONS 
TO EFFICIENCY IN 
CEMENT MAKING 


More and more cement manufacturers 
are realising that “NI-HARD” has 
wearing qualities from two to five 
times greater than that of steel, 
depending on the material being 
ground, and is a quality material 
that saves money and time. 


“NI-HARD”, which is 

made with the aid of mod- 

ern mechanical plant, is 

the ideal material for the 

production of grinding 

media and mill linings for 

cement manufacture. We 

shall be pleased to make 

castings to your own speci- 

fication and produce pat- 

terns to your designs. Please ask for our 

illustrated leaflet giving proof of the many 

uses of ““Ni-Hard and White Iron”. We 

also manufacture wear-resisting castings 

or many applications in gas works, ee SR 
shot-blasting, coke crushing, mining 

machinery, etc. WILLENHALL, STAFFS. Telephone: Willenhall 312/541 (2 lines) 
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Photo by courtesy of B.P.C.M. Ltd. 


DUST RECOVERY PREVENTS 
AIR POLLUTION 


At many cement and lime works, collieries and steelworks, 
‘* Visco’’ Dust Collecting equipment is preventing air pollu- 
tion by collecting dust at the point of generation. Where the 
dust is of value, such equipment quickly pays for itself. 

A case in point is the Shoreham Works of the British Port- 
land Cement Manufacturers Ltd., where ten ‘' Visco-Beth ”’ 
Automatic Dust Collectors are installed for the recovery 
of cement, coal, clinker and gypsum dust. The illustration 
shows one of these plants for recovering coal dust from 
band conveyor discharges. 

This group of manufacturers has over sixty ‘' Visco-Beth’s "’ 
at its various works. 


Consult us on your Dust Problem. Write for List No. 574 ‘‘ Modern Dust Collection.’’ 


VIS CO -BETH 
Disk (ole? 


If you have a Dust problem 
our long experience is at your disposal. 


THE VISCO ENGINEERING CO. LTD., STAFFORD RD., CROYDON Phone Croydon 4/8! 
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NORTON 


grinding media 


SUPPLIED 
IN 


PRIORFIELDS FOUNDRY CO. LTD 


ETTINGSHALL WOLVERHAMPTON 
TELEPHONE: BILSTON 41961-3 


London Office : Stafford House, Norfolk Street, W.C.2. Telephone : Temple Bar 0681 
Manchester Office: 331 Corn Exchange Building, Hanging Ditch, 4. Telephone: Blackfriars 9784 


BRANCH OF NORTON INDUSTRIES LIMITED 
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DAYLOR 


CIRCULAR DUST 
COLLECTORS 


The Mechanism shown above is standard and is robustiy built 
for 24-hours’ operation. 


J. DARNLEY TAYLOR LTD. 


undertake the design and installation of complete 
Dust Collection plants, including 
ducting. 


Our machines are extensively used in Packing Plants, Grinding Mills, Screening 
and Crushing Plants, for the collection of Cement, Gypsum, Lime and Stone 
dusts, etc. 


With many plants already giving first-class performances, our Collectors are sold 
mainly on reputation and incorporate cyclone and filter sleeve principles, with 
fully auto-scavenging and rapping cleaning mechanism. 


May we help you with your problem? Write to: 
NESOR HOUSE, 3 CALEDONIAN ROAD, LONDON, N.1. Telephone : TERminus 9454 


B 
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High Alumina bricks and 
special shapes for Rotary and 
Shaft kilns. Full details 


available on request. 
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High-Temperature Insulating Bricks. 
‘PEER’ Aijr-Setting Refractory 
Cements. 
“R” Quality Firebrick for lower 
temperature work and resistance to 
abrasion. 


Produced in Sheet Steel in 
all thicknesses from 21 gauge to 4”. For 


pansies 
easy handling, all products j 
are packed in bundles of 25 or 50 f 
according to weight, and 
a 


marked to customer’s specification. 


SOLE MANUFACTURERS TO THE _ 
CHROME-MAGNESITE BRICKMAKERS ASSOCIATION 


FLOUCH GARAGE and ENGINEERING CO E. J. & J. PEARSON LIMITED 


HAZLEHEAD near SHEFFIELD YORKSHIRE STOURBRIDGE, ENGLAND 
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Construction 1952-57 
200000 iong tons/year 
(provided for 
extension to 

300 000 long tons/year) 


Construction 1955-57 
100000 long tons/year 


pat 


re 


Construction 1957 
100.000 long tons/year 
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Vertical shaft kilns and 
homogenising plants 
in modern cement works 


50-300 000 Iong tons/year 


L.DE ROLL SA ZURICH/SWITZERLAND 
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fans 
for 


heavy duties 


Regardless of size— no matter what 
type-if it’s a fan for use in the Cement 
Industry contact Keith Blackman. 


Fans for KILN DRAUGHT 
SECONDARY AIR 
CLINKER COOLING 
DUST REMOVAL 
KILN COAL FIRING i 

SACK CLEANING APPLICATION: induced draught 

CONVEYING for rotary cement kiln. a 

BOILER DRAUGHT TYPE: ‘Tornado’ part she _ 

VENTILATING fern casing and impeller. 


Write for the fully illustrated Booklet No. 25/31 caret pe sh hg bah 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 - 


THE CHEMISTRY OF CEMENT 


Papers by world-famous authorities (together with the discussions) 
presented to the Third International Symposium on The Chemistry of 
Cement held in London in 1952. 

908 pages. Price by post 62s. 15 dollars in Canada and U.S.A. 


Constitution—Tricalcium silicate phase, by J. W. Jeffery (U.K.). Dicalcium silicate 
phase, by R. W. Nurse (U.K.). Interstitial phases, by H. Insley (U.S.A.). Ferrite phase, 
by G. Malquori and V. Cirilli (Italy). Alkali phases, by T. F. Newkirk (U.S.A.). Tricalcium 
aluminate, by F. Ordway (U.S.A.). Constitution of clinker, by R. H. Bogue (U.S.A.). 


Setting and Hardening—Structure of hydration compounds, by J. D. Bernal (U.K.). 
Reactions and thermochemistry of hydration at ordinary temperature, by H. H. Steinour 
(U.S.A.). Hydration at elevated temperatures, by G. L. Kalousek (U.S.A.). Physical 
structure of cement products and durability, by F. E. Jones (U.K.). Chemical aspects of 
durability of cement products, by T. Thorvaldson (Canada). 

Special Cements—Constitution of aluminous cement, by T. W. Parker (U.K.). Slag 
cements, by F. Keil (Germany). Expansive cements, by H. Lafuma (France). Oil-well 
cements, by W. C. Hansen (U.S.A.). Masonry cement, by Charles E. Wuerpel (U.S.A.). 
Applications of Research—Thermodynamics of the kiln, by H. Gygi and F. Guye 
(Switzerland). Influence of the fineness of raw mixtures on burnability, by T. Heilmann 


(Denmark). Design and construction of concrete structures, by A. R. Collins (U.K.). 
Spécial uses of cement in U.S.A., by M. A. Swayze (U.S.A.). 


Obtainable from CONCRETE PUBLICATIONS LTD. 
14 Dartmouth Street, London S.W.1 
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Our unique steel foundry and machine shops 


are specially equipped for the production of 


Spur, Helical or Bevel Gears, either machine 
cut or machine moulded, of the largest sizes. 
‘Jackson’ gears are in constant world-wide use 
in all heavy industries — why not consult us 
and take advantage of over a century's 


technical experience. 


Cutting 26ft. Dia. spur ring on 30ft. machine. 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
JACKSON DIVISION 


SALFORD WORKS HAMPSON STREET 
MANCHESTER 5 
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For automatic filling and weighing of cement into 
valved sacks. 


LARGE OUTPUT 


combined with weighing accuracy and economy 
in labour. 


F. L. SMIDTH 


ao. UTD. 
105 PICCADILLY, LONDON, W.1 
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Tests on Portland Cement Clinker with High 
Content of MgO. 


THE properties of Portland cement are determined by its mineralogical composition 
and physical structure, both of which depend on the rate of the cooling of the 
clinker. If the clinker is cooled rapidly the cooling period is then too short to 
allow the crystallisation processes to be completed, and the resulting structure 
is of a glassy nature. In this state, the minerals of the clinker consist of crystals 
that are much smaller in size than similar crystals formed during normal cooling, 
and their proportion in the clinker is also different. 

The rate of cooling is particularly important if appreciable amounts of MgO 
are present. A rapidly-cooled clinker contains less periclase and a higher propor- 
tion of magnesia in the form of solidified liquid phase, which remains to a great 
extent in the glassy state. Furthermore, the dimensions of the periclase crystals 
are considerably smaller tnan those in clinker cooled normally. 

For this reason the expansion of high-magnesia cement in autoclave tests is 
usually much less in the case of cements produced from rapidly-cooled clinkers. 
However, the expansion of high-magnesia cements after longer curing, caused by 
hydration of periclase, can be kept small and uniform, thus avoiding cracking in 
concrete due to expansion. 

The problem of producing high-magnesia Portland cement with volume- 
stability characteristics similar to those of ordinary Portland cement is important, 
since at present many deposits of raw materials are considered unsuitable for the 
manufacture of cement solely because of a high content of MgO. Investigations 
undertaken by S. M. Rojak and V. V. Myshlaeva on the water-quenching of 
Portland cement clinkers with a high-magiesia content, and reported in 
‘““Tsement ’’ for June 1957, are therefore of interest, and the results are abstracted 
in the following. 
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TABLE 1.—MINERALOGICAL COMPOSITIONS 
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An experimental kiln 23 ft. long was used for the tests. Samples of clinker 
from the end of the burning zone (at a temperature of about 1350 deg. C.) were 
quenched in water and tested; samples were also taken and cooled slowly for the 
purpose of comparison. The experimental work was supplemented by tests on 
clinker, made under works conditions, from the cooling zone of a long rotary kiln 
(at 1350 deg. C.) and also quenched in water. 

In Table x are given the calculated mineralogical compositions of the test 
clinkers, and the results of petrographic analyses are shown in Table 2. From this 
table it is clear that the amounts of periclase in the rapidly-quenched clinkers 
are lower by between 1 and 4 per cent. than in the slowly-cooled clinkers. It is 
also clear that rapid cooling produces periclase with a very much finer crystalline 
structure. 

The clinkers were then ground in a laboratory ball-mill, with an addition of 
4 per cent. of gypsum hem.hydrate (about 2 per cent. of SO,) until the residue on 
a 0085 sieve was between 5 and 7 per cent. The specific surface area of the 
laboratory clinkers (Nos. 5 and 6) was 3190 to 3520 sq. cm. per gramme and that 
of the works clinkers (Nos. P5, P6, and P7) from 2670 to 2940 sq. cm. per gramme. 

All the cements passed the volume-stability tests in boiling water and in 
storage in water for 28 days. During these tests, however, the periclase present 
remained unhydrated, and use was therefore made of autoclave curing (at 20 
atmospheres for three hours) as a criterion of quality, since it is only then that all 
the periclase is hydrated. Earlier investigations have shown that the strength of 
high-magnesia Portland cement cured for one year or more can be forecast to a 
known degree of accuracy from its behaviour during autoclave curing at a pressure 
of 20 atmospheres. As a rule, all cements failing in the autoclave test have low 
strengths at later periods, or disintegrate as a result of delayed hydration of the 
periclase. On the other hand, cements passing the autoclave test were found to 
increase in strength steadily for periods of up to five years. 

The volume-stability of the cement was tested using cylindrical specimens, 
and the linear expansion was measured on prisms of cement paste. After curing 
in a moist atmosphere for 24 hours, the cylinders were boiled in water for four hours 
in order to hydrate the free lime, and were then subjected to autoclave curing at 
8 atmospheres for four hours, 14 atmospheres for two hours and 20 atmospheres 
for three hours. The prisms were moist-cured for 24 hours; needles were then 
inserted in the ends, and the linear expansion was measured after curing for a 
further 24 hours. The values so obtained served as the starting point for the 
subsequent tests. 

Three of the prisms were cured in cold water and three were boiled in water for 
four hours and the changes in lengths noted. The specimens were then autoclaved 
at 8, 14, and 20 atmospheres; after each test the change of volume was measured 
and expressed as a percentage of the initial volume. The linear expansions are 
given in Table 4, from which it can be concluded that cements obtained from 
rapidly-cooled clinkers usually perform well in the autoclave test even at 20 
atmospheres and generally have less expansion after autoclave curing. Cement 
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No. P7 was an exception in this respect, presumably because rapid quenching of 
the corresponding clinker reduced the periclase by only 1 per cent. This appears 
to be due to a high content of calcium aluminate. Clinker P7 had 9:3 per cent. 
of tricalcium aluminate, compared with 6-8 and 7-8 per cent. in clinkers P5 and 
P6 respectively. Table 3 relates to the strengths of cements made with clinkers 
produced under works conditions with and without rapid cooling. Thev show that 
the quenching of such clinker has no definite effect on the strength of the cement. 
For example, there was a reduction in the compressive strengths at three and 
seven days, but the 28-days’ strength was slightly higher than the average value 
obtained with the usual method of cooling clinker. In tensile tests much higher 
values were obtained also at three and seven days. 

On the basis of these results it is concluded that the water quenching of high- 
magnesia clinker has a favourable effect on its structure (reducing the amount of 
periclase and the size of the crystals) and on the properties of cement by diminishing 
the autoclave expansion, which is regarded as a basic criterion of quality. The 
tensile strength is also slightly improved. This is of considerable importance, as 
normal Portland cement with a high content of magnesia produced from slowly- 
cooled clinker has a rather low tensile strength. 


A Continental Cement Transporter. 


A transporter for loose cement which is now being made in East Germany 
is described in a recent number of “ Materialy Budowlane.”’ The transporter 
(Fig. £1) has three removable containers mounted on a trailer. The containers 
are filled at the cement factory and pressurised by means of a compressor in- 
corporated in the trailer. When delivered, they are removed from the trailer 
and stored until required, thus avoiding the need for silos. 
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Automatic Control of the 


Density of Slurry. 


SoME details of the equipment installed at the works of the Permanente Cement 
Company, at Oakland, California, U.S.A., for the automatic control of the density 
of slurry is given in “ Pit and Quarry” for July 1958. The density-gauge was 
supplied by the Bendix Aviation Corporation and the control instruments by 
the Minneapolis-Honeywill Brown Corporation. It is stated that the system 
maintains the water content of the slurry at any desired percentage at all times. 
Measurement is made through nuclear-energy absorption, with pneumatic control. 
The density is read through the slurry pipeline without physical contact, affording 
a continuous record of density without sampling or testing in the laboratory. 

The system depends upon the fact that different densities of materials reduce 
the intensity of nuclear radiation by different amounts; the thicker the material 
the fewer the rays that pass through it. The density gauge applies nuclear 
radiation to the pipe carrying the slurry. If the slurry thickens the ion chamber 
receives fewer rays; immediately the apparatus adjusts the water-valve to allow 
enough extra water to enter to restore the density. 

The source of the nuclear radiation is cesium 137, a metallic salt containing 
the radio-active isotope of cesium. As cesium 137 slowly disintegrates it emits 
beta and gamma particles. The beta particles have relatively low energy and 
are all absorbed in the slurry pipe itself and take no part in measurement or 
control. The gamma radiation, however, passes through the slurry and both 
thicknesses of the pipe wall. The gamma rays are detected by the ionisation 
chamber of the gauge. These rays have the property of ionising a gas in pro- 
portion to their strength, and the amount of ionisation determines the amount 
of electricity that flows between the two electrodes in the chamber. This minute 
current is amplified and then recorded on the instrument as a measure of density, 
specific gravity, or percentage of water or solids. Cesium 137 is used as the 
radio-active source because of its convenient energy level and because of its long 
period of activity. Means are provided to compensate for the gradual decay 
of the source, but the error that develops in a year is only 2 per cent. 

A layer of lead 2} in. thick shields all the radiation except that beamed at 
the stainless-steel ion chamber. The nuclear-source container is said to meet 
all the requirements for safety of the Atomic Energy Commission. In no case 
can the slurry become radio-active, and an indicator knob permits the radiation 
beam to be turned off or on. A single conductor cable is the only connection 
needed for the sensing element, and the control cabinet may be up to 1,000 ft. 
from the sensing head. 

Control of wate1 content to 35 per cent. plus or minus 0-5 per cent. has been 
achieved, and control to within 0-25 per cent. is said to be feasible. When 
desired the scale can be calibrated to contiol the water content to between 30 
and 40 per cent. 
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Shape and Size of Particles of Slaked Lime. 


In ‘‘ Zement-Kalk-Gips’”’ for February, 1958, H. v. Zander describes investiga- 
tions of the shapes and sizes of particles of lime slaked in various ways and 
examined in the form of pastes. The same initial quicklime was used throughout; 
this was prepared by burning a natural but pure and finely-crystalline white 
limestone in a muffle furnace heated by gas to a temperature of 1050 deg. C. 
Hydration took place under widely differing defined conditions. The particles 
were examined by means of an electron microscope and the plasticity of the 
pastes was measured by Mr. Emley’s method. 

When the quicklime was slaked with excess of water, the resulting paste 
had a plasticity value of 650; when slaked to form a dry hydrate and then made 
into a paste, the value for the fresh paste was only 125. Photographs taken with 
the aid of the electron microscope show clearly that high plasticity is associated 
with fine particles. The theory that plasticity is associated with a laminar form 
of the individual particles was not borne out in the case of this particular lime, 
since in the entire investigation no particle with any marked laminar form was 
observed. Pastes with rounded particles of 40 yw to 60 pw gave very high values. 
A paste made with a.“ dry-slaked ” lime had a value of 115 thirty minutes after 
mixing and of 665 seven days later. Microphotographs showed that the relatively 
coarse particles of the fresh paste had subdivided into very much finer ones during 
storage. 

It is well known that some hydrated limes produce pastes which increase their 
plasticity in the course of time and that others produce pastes which have little 
change in plasticity over long periods. Both these types of hydrate were made 
by “‘ dry-slaking ”’ in the laboratory; they were called types A and B. In slaking 
to form type A, some of the heat of reaction was removed by adding ice so that 
the temperature never exceeded 80 deg. C., and reached this value only a few 
seconds before falling rapidly. Hydrate of type B was obtained by adding water 
(60 per cent. by weight of the quicklime, corresponding approximately to the 
proportions used during manufacture) to the quicklime. The temperature remained 
steady at 96 deg. C. for several minutes and fell but little during fifteen minutes. 

Paste made from type A had a plasticity value of 122 when fresh and 309 
after seven days. Microphotographs showed an appreciable reduction in the 
size of the particles during storage. Paste from type B increased in plasticity 
value from 106 to only 122 after seven days, with little change in appearance. 

The more plastic type A had a residue of 46 per cent. on a sieve with 4900 
apertures per square centimetre, while the less plastic type B had a residue of 
only 3 per cent. This apparent anomaly is explained as follows. Microphoto- 
graphs show that type A consists of secondary particles built up of small, irregular 
primary particles; in the dry form these cling together strongly enough to resist 
disruption by the sieve but fall apart when the system is penetrated by water. 
Type B consists of larger single crystals. 

Hydrates were prepared from the same quicklime by two other methods of 





PAGE SS CEMENT AND LIME MANUFACTURE Novemper, 1955 


dry-slaking. In the first case slaking took place with the stoichiometric amount 
of water to which methanol had been added. Evaporation of the methanol 
removed heat so that the temperature during the process was about 70 deg. C. 
In the second case moist air was used in the absence of carbon dioxide so that 
the temperature never exceeded 20 deg. C. In both cases the resulting hydrate 
was of type A, having high plasticity when made into a paste. The hydrate 
made in the presence of methanol had the very low weight of 270 grammes per 
litre and a uniformity of structure not previously observed. It is suggested that 
this is due to the avoidance of local overheating. Pastes were also prepared by 
wet-slaking in an analogous manner, but the resulting pastes of hydrates made 
at 30 deg. C. and at go deg. C. showed no significant differences in structure or 
plasticity. 

The photographs of pastes, especially of those stored for a period, reveal a 
large number of crystals of sizes between 0-03 and 0-1 yp, fewer individua! crystals 
between I and 3 p, and practically no intermediate sizes. In all investigations 
the diameters of the particles were between 0:02 » and 50 pw. Assuming that 
IO per cent. is between 0-02 and 0-2 » and the remaining go pet cent. about I p, 
the 10 per cent. of fine material would contribute 95 per cent. of the total surface 
area of the particles. Hence the plasticity is most likely to be affected by reductions 
of size in the region below 0-2 p. 

The subdivision of the particles of many of the pastes during storage is thought 
to be associated with the dipole character of water. This view was supported by 
gauging a hydrate of type A (with a strong tendency to subdivide) with acetone, 
acetonitrile, methanol, and benzol. No subdivision occurred in any of these 
during seven days. 

A lime having a plasticity value of 650 when slaked with distilled water had 
a value of only 120 when slaked with a saturated solution of gypsum (the amount 
of gypsum being 0-66 per cent. of the lime by weight). It is intended in the future 
to study the effects of slaking at temperatures above roa deg. C., using an autoclave. 


Gypsum and Anhydrite. 


A survey of the methods of mining gypsum, its uses, and its occurrence 
throughout the world, has been published by H.M. Stationery Office under the 
title “‘ Gypsum and Anhydrite’”’ at a price of 7s. 6d. The work was prepared 
by the late Dr. A. W. Groves, and has since been brought up to date. The brochure, 
of 108 pages, includes an extensive bibliography of the literature of the subject. 


New Cement Works in Denmark. 


A new cement factory, with a capacity of 125,000 tons a year, has recently 
been built at Karlstrup, near Copenhagen, at a cost of about 4,000,000 kronen. 
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Effect of Tobermorite on the Strength of Cement. 


THE results of experiments on the effect on the strength of Portland cement of 
the addition of silica combined with steam-curing are given in a paper by Mr. L. D. 
Sanders and Mr. W. J. Smothers in the Journal of the American Concrete 
Institute for August 1957. The purpose of the investigation was to find a high- 
strength cement for use in the assembly of insulators of the suspension type in 
high-voltage transmission lines. Previous research by other investigators had 
shown that the strength of cement was increased by the addition of siliceous 
materials and steam-curing. For example, a mixture of 60 parts of white Portland 
cement and 40 parts of quartz sand passing a 200-mesh sieve, allowed to set for 
twenty-four hours and then cured for twenty hours in steam at a temperature 
of 170 deg. C., had a tensile strength of 980 lb. per square inch compared with 
420 lb. per square inch in the case of neat Portland cement cured in the same way. 
Another investigator reported compressive strengths of up to 22,000 lb. per square 
inch in the case of similar mixtures cured in steam. 

In the tests now reported ordinary Portland cement (U.S.A. Standard Type 
I) was mixed with ground quartz with average particle sizes of 12-7, 18-6, and 20 
microns, diatomaceous earth, and a chemically-precipitated silica containing no 
crystalline material and with an average particle size of 0-022 micron (designated 
‘silica gel’’). The specimens containing silica gel had little strength, probably 
due to the large proportion of water necessary to produce the desired workability 
with such a fine powder. In the case of the other silicas the strength was generally 
proportional to the size of the particles, the highest strength being obtained with 
a particle size of 12-7 microns in a mixture of 65 per cent. cement and 35 per cent. 
silica. The strength also decreased with a lowering of the temperature of the 
steam in the autoclave; for example, the strength was about 60 per cent. less 
when the temperature of the steam was 126 deg. C. compared with curing at 182 
deg. C.; prolonging the period of curing at the lower temperature, however, resulted 
in increased strength, although after curing for four days this was still less than 
that of specimens cured for one day at 182 deg. C. 

When bars were subjected to a bending test, the modulus of rupture of thosc 
containing silica and steam cured was 2590 lb. per square inch compared with 
1300 lb. per square inch in the case of neat Portland cement moist-cured at 46 deg. 
C.; the bars were tested two months after they were made. 

The authors give the following notes on the results of the tests. 


FORMATION OF DICALCIUM SILICATE ALPHA-HYDRATE.—For mixtures witn cement- 
silica ratios from 1-44 to 3-04 and cured at 182 deg. C. for twenty-four hours, 
dicalcium silicate alpha-hydrate appeared. This hydrate could not be produced 
when a mixture with a cement-silica ratio of 1-44 was cured at 126 deg. C. for 
twenty-four hours, but a small amount of fibrous tobermorite was present. It 
appears that the alpha-hydrate is formed only at relatively high temperatures in 
this range of composition. By X-ray diffraction, Kalousek and others’? found 
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this hydrate to be present at 175 deg. C. in mixtures of Ca(OH), and quartz with 
cement-silica ratios of 1-8 to 2-4. Heller and Taylor found the alpha-hydrate, 
together with Ca (OH),, to be the product of hydrolysis of pure tricalcium silicate 
at temperatures between 100 and 200 deg. C. They postulate that the alpha- 
hydrate is stable over this temperature range in the presence of excess Ca(OH),, 
but that it can be no more than a transition product when formed from starting 
materials of its own cement-silica ratio or lower. 

Using mixtures of Portland cement and ground quartz, Kalousek and Adams‘* 
found that an addition of 9 per cent. of quartz was sufficient to react with all 
the free lime at 175 deg. C. The maximum amount of alpha-hydrate was also 
produced with this addition. Menzel found the strength to be a minimum at 
about this composition. Butt and others'® also found that in hydrothermally- 
treated mixtures of quartz and tricalcium silicate the maximum amount of alpha- 
hydrate coincides with a minimum of mechanical strength. The results of the 
investigation now reported substantially confirm these findings. 


FORMATION OF TRANSITIONAL HyDRATES.—Kalousek® has stated that with 
o-S : r cement-silica mixtures of Ca(OH), and ground quartz, cured at 175 deg. C., 
the lime first reacts with the siliceous material to form the lime-rich phases which 
may include the C,S alpha-hydrate. Further hydrothermal treatment then 
results in a reaction between the residual quartz and the lime-rich phases to form 
the tobermorite-type hydrates. He is of the opinion that this transition is 
gradual and involves intermediate transitions through a number of hydrates of 
progressively lower cement-silica ratios. The cement-silica ratios of these inter- 
mediate hydrates range from 1-33 to 0-8. Their X-ray diffraction patterns 
were nearly the same, and all contained a large diffuse peak at 304A. He found 
them to be fibrous in nature when viewed under the electron microscope. If 
the reaction is then carried to a completion under these hydrothermal conditions, 
the resulting product is the platy or stable phase of tobermorite. This material, 
given the formula C,S;H;, was found by Kalousek to be in the form of flat or 
rolled plates under the electron microscope. 

In the investigation now reported, the existence of any lime-rich phases as 
transitional hydrates in the 0-9 or 0-77 cement-silica mixtures could not be deter- 
mined because there were no autoclaving periods shorter than sixteen hours. 
With cement-silica ratios higher than about 2, and at the same temperature of 
182 deg. C., the C,S alpha-hydrate appears to be the stable phase. 

The role of the fibrous tobermorite at the higher cement-silica ratios and at 
182 deg. C. is not clear. In all cases where the alpha-hydrate exists the fibrous 
phase is also present. Under these conditions the maximum amount of the fibrous 
phase is produced with a cement-silica ratio of 3-04 (neat Portland cerrent). 
With the addition of 10 per cent. of quartz the 3-04A fibrous tobermorite peak 
dim:nishes considerably. With the cddition of 20 per cent. of quartz the fibrous 
phase increases slightly and the platy phase appears. The fibrous phase was 
found in all mixtures which contained the platy ot strength-giving phase of 





NOVEMBER, 1958 CEMENT AND LIME MANUFACTURE Pace 91 


tobermorite. With further additions of quartz the amount of fibrous phase 
seemed to decrease slightly and the platy phase increased. The fibrous phase 
did not begin to diminish appreciably until the addition of 50 per cent. quartz 
(cement-silica ratio 0:56). 

At temperatures below about 126 deg. C., and at all cement-silica ratios, the 

fibrous phase ratio is the only calcium silicate hydrate existing and is always 
accompanied by some free lime. The only exception might be the o-g mixture 
which was moist-cured for four days at 46 deg. C. In this case there was some 
indication of the presence of okenite, CS,H,, along with the fibrous phase and 
free lime. This same mixture, when steam-cured at 126 deg. C. for twenty-four 
hours developed more of the fibrous phase and less free lime. The neat Portland 
cement moist-cured at 46 deg. C. contained only the fibrous phase with a large 
amount of free lime. No distinct correlation was found between the amount of 
the fibrous phase present and the mechanical strength of the various cements 
tested. 
FORMATION OF PLATy TOBERMORITE.—The results show clearly that, if cured 
under the proper conditions of time and temperature, a substance previously 
identified as the platy phase of the calcium silica hydrate (Tobermorite) is the 
principal bonding material in an autoclaved concrete product containing Portland 
cement and ground quartz. This platy tobermorite could be produced by using 
mixtures of cement and ground quartz ranging in cement-silica ratios from 1-44 
to 0-56, and possibly lower, when cured hydrothermally at 182 deg. C. for twenty- 
four hours. The maximum amount of platy tobermorite was produced in the 
mixture containing 12-7-micron quartz with a starting cement-silica ratio of 
0-9, and the resulting cement mixture exhibited the greatest strength. Menzel 
found that additions of quartz between 30 and 35 per cent. produced the strongest 
cement mixtures. Butt showed that in hydrothermally-treated mixtures of 
quartz and beta-dicalcium silicate a maximum amount of “‘o-g hydrate” occurs 
with the addition of 40 to 50 per cent. of quartz, coinciding also with a maximum 
mechanical strength. 

The minimum autoclave temperature needed here to produce the platy tober- 
morite is between 126 deg. C. and 159 deg. C. in the case of the 0-g mixture; a 
temperature of 182 deg. C. resulted in the formation of the greatest amount of 
the platy tobermorite. At 182 deg. C. curing periods of 16, 24, and 48 hours pro- 
duced the platy phase in nearly the same amounts. Kalousek found that, when 
using a o-S cement-silica mixture of Ca(OH), and quartz, formation of the platy 
tobermorite was nearly complete in eight hours at 175 deg. C. Results here also 
show that the composition and hydrothermal conditions of time and temperature 
needed to produce the platy tobermorite vary with the type and particle size of 
the siliceous aggregate used. 

The most outstanding increase in strength of cement containing the platy 
phase of tobermorite was shown by the modulus of rupture tests on bars made 
with the o-g cement-silica mixture of 12-7 micron quartz and Portland cement 
which was steam-cured for twenty-four hours at 182 deg. C. Bars containing 
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the platy tobermorite phase had exactly double the strength of the moist-cured 
neat Portland cement bars. Since under transverse loading the initial fracture 
of the cement bar would occur at the surface in tension, these results indicate 
that the sheet-like platy tobermorite crystals are much more effective in increasing 
the tensile or bonding strength of the resulting cement. This increase in tensile 
strength may not have been completely realised with the metal test units in which 
the cement was subjected to a shearing type of stress. 


REFERENCES 

()G. L. Kalousek, J. S. Logiudice, and V. H. Dodson, “‘ Studies in the Lime-rich 
Crystalling Solid Phases in the System Lime-Silica-Water.’’ Jour. Am. Ceramic 
Society, V. 37, 1954, Pp. 7-13. 

(2) L. Heller and H. F. W. Taylor, ‘‘ Hydrated Calcium Silicates.”” Jour. of Chem. 
Soc., 1952, pp. 2535-2541. 

(3)G, L. Kalousek and M. Adams, ‘‘ Hydration Products Formed in Cement Pastes 
at 25 deg. C. to 125 deg. C.’’ A.C.I. Journal, Sept. 1951, Proc. V. 48, pp. 77-90. 

(4) Carl A. Menzel, ‘“‘ Strength and Volume Change of Steam-cured Portland Cement, 
Mortar and Concrete.’ A.C.I. Journal, Nov.-Dec. 1934, Proc. V. 31, pp. 125-148. 

(5) Yu. M. Butt. ‘‘ Reaction of Calcium Silicates with SiO, in the Hydrothermal 
Hardening Process.’’ Doklady Akad. Nauk, SSSR, V. 107, 1956, pp. 571-574. 


(6) G. L. Kalousek, ‘‘ Tobermorite and Related Phases in the System CaO-SiO,-H,O.” 
A.C.I. Journal, June 1955, Proc. V. 51, pp. 989-1012. 


The Cement Industry in Dominica. 

The Department of Industry and Commerce of the Dominican Republic 
states that the production of cement in the year 1957 was 280,402 tons, all of 
which was produced by Fabrica Dominicana de Cemento. Exports amounted 
to 70,000 tons, principally to the United States. The largest works is at Ciudad 
Trujillo, and has an annual capacity of over 300,000 tons. Three kilns are in 
use, one of which is 227 ft. long by gft. 6in. diameter, another 247 ft. long by 
g ft. diameter, and another 360 ft. long by 11 ft. 3 in. diameter. 


Proposed Cement Works in Ceylon. 

The Government of Ceylon has allocated Rs. 13,000,000 for the erection of a 
cement works at Puttalam. It is estimated that the total cost will be Rs. 38,000,000. 
The capacity of the works is to be 125,000 tons a year, and it is expected that 
production will start in 1962. 


A Proposed Cement Factory in East Pakistan. 
The Government of Pakistan has received.an offer from Japan for the con- 
struction of a cement factory at St. Martin’s Island, East Pakistan. The basic 
material used would be coral. 


Cement Production in Mexico. 
The production of cement in Mexico in the year 1957 was 2,519,000 tons, 
compared with 2,277,000 tons in 1956. 
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AT BLUE CIRCLE’S NEW WORKS 


The two 1,200 h.p. clinker mills. 


For this recently completed works at Cauldon, Staffordshire, Vickers built the 
rotary kiln, grate cooler, cement mills and pneumatic pumps. Operating on the 
semi-dry process this new plant has an annual designed capacity of 200,000 tons. 

Clinker from the all-welded Vickers kiln is cooled in a Fuller inclined grate 
cooler. Two Vickers 1,200 h.p. Compound Tube Mills finish grind the product. 
The cooler, “‘F-H Airslide” conveyors for the blended raw materials and Fuller 
Kinyon pumps for the transport of raw meal and cement are of Vickers 
manufacture by arrangement with Constantin (Engineers) Ltd. 


VIGKEERS 


Vickers-Armstrongs (Engineers) Limited Vickers House Broadway London SWI 
TGA BTE289 
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Ses ee 
a ae 


8 reasons 
for using 


MAGNECON 
HOT ZONE LININGS 


in your rotary Cement Kilns 


1 Are not subject to chemical attack at highest 
operating temperatures. 


2 Will withstand kiln shut-downs without spalling. 
3 Will not disintegrate due to thermal contraction. 
4 Have better than average hydration resistance. 
3S Will build up coating very rapidly. 


6 Are able to maintain coating during operation and 
during shut-downs. 


7 Will give increased cement production per lining. 
8 Will save maintenance time and cost. 


MAGNECON is recognised in many Countries as the 
ideal basic lining for the production of Portland Cement. 


CONSETT IRON CO. 


LIMITED 
bs CONSETT - CO: DURHAM - ENGLAND 


TELEPHONES: CONSETT 3! (12 LINES). TELEGRAMS: STEEL, PHONE, CONSETT 





NoveMBER, 1958 CEMENT AND LIME MANUFACTURE Pace 93 


Injuries due to Falling. 


SAFETY Pamphlet No. 3 issued by the Cement Makers’ Federation deals with 
injuries due to men falling in and around cement works. Accidents of this type 
have in the past few years been responsible for from 20 to 26 per cent. of all acci- 
dents in the cement industry causing loss of working time. Last year there were 
72 such accidents, of which 33 were falls on the level, 29 falls from a height, and 
10 falls into holes. The Accident Prevention Advisory Committee of the Federa- 
tion points out that nearly all these accidents could have been prevented by 
ordinary forethought, tidiness, or inexpensive permanent or temporary fencing. 
This is clearly shown by some of the causes mentioned. These include the follow- 
ing examples. 

FALLS ON THE LEVEL.—(1I) A man was using a two-wheeled barrow to remove 
burst bags; the barrow tipped sideways owing to the uneven floor, and the man’s 
hand was trapped between the barrow-handle and a wire-mesh grid. (2) A man 
wheeling a barrow down an untreated ramp slipped and fell, twisting his leg. 
(3) A man slipped on a grease-patch on the steps of a gantry, fell off the steps, 
and injured his groin. (4) A man fixing a portable lead stepped back and fell over 
two old pulleys, fracturing a rib. (5) A man walking along a well-lit passage turned 
a corner and was suddenly in semi-darkness; he fell down two steps and fractured 
a wrist. (6) A man stepped from a locomotive on to loose clinker which caused 
him to fall and injure his elbow. (7) Whilst helping to move a pile of steel rods a 
man stood on one of them; the rod rolled and he fell, severely injuring his ribs. 
(8) In walking down a ramp a man tripped over a Jamp-lead and badly injured 
his arm. (9) A pipe was temporarily laid across the floor between two boilers; 
a man tripped over it and strained his back. (10) A man slipped on a wet board 
and fell, causing injury to his elbow; he was wearing boots which were totally 
unsuitable for the work on which he was engaged. (11) A man took a short cut 
down a bank and tripped at the bottom, spraining his knee. (12) A man carrying 
a steel plate across a yard slipped on the icy surface; the plate fell on to his leg 
and fractured it. 

FALLs FROM A HEIGHT.—(1) A man climbed down a short ladder from which 
the last but one rung was missing and the last rung was broken; he fell and injured 
his ankle. (2) Part of a walkway on a gantry had been removed and not securely 
replaced; due to this defect a man fell about ro ft. and was seriously injured. 
(3) A man slipped off a drum on which he was standing in order to reach his work, 
and severely injured his back. (4) In order to clean a gutter a man stepped on to a 
fragile roof and fell through it. (5) A bolt securing a handrail stanchion had worked 
out; a man stumbled against the rail which gave way and swung outwards. 
(6) A steel plate between a lorry and a loading bay slipped while a man was 
wheeling cement bags over it; he fell and was injured. (7) A man standing on the 
mudguard of a lorry in order to clean the windscreen stepped off the mudguard and 
fell, spraining his hand. 

FaALis Into HoLEs.—(1) A man walked over a heap of rubble partly surround- 
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ing an unguarded hole; he slipped into the hole, fracturing his ribs. (2) A cover 
for a screw-conveyor was removed and not replaced; a man fell into the conveyor, 
receiving injuries which resulted in the loss of a foot. (3) A fitter removed the 
cover-plate of a screw-conveyor and covered the hole with a sack; another man 
stepped on the sack and into the screw, which had been inadvertently started, 
and suffered injuries resulting in the loss of a leg. 


Bound Volumes of 


‘*Cement and Lime Manufacture”’ 


BINDING cases for annual volumes of 
“Cement & Lime Manufacture” can be 
supplied in cloth-covered boards lettered in 
gold on the spine with the title, volume number, 
and year of publication. Copies for binding 
should be sent post paid to Concrete Publica- 
tions Ltd., 14 Dartmouth Street, London, 
S.W.1. When possible, missing numbers will 
be supplied at the published price to make up 
incomplete sets, but as many of the numbers 
published during the past few years are not 
available it is advisable to ask the publishers 
whether thay have the numbers required before 
sending incomplete sets. The cost of cloth- 
covered lettered cases is 6s. for each volume. 
The cost of supplying a case and binding a volume 
is 10s. 10d. including packing and carriage. 


MISCELLANEOUS ADVERTISEMENTS 


SCALE OF CHARGES 


Situations Wanted, 3d. a word; minimum 
7s. 6d. Situations Vacant, 4d. a word; mini- 
mum 10s. Box number 1s. extra. Other 
miscellaneous advertisements, 4d. a word; 10s. 
minimum. Advertisements must reach this 
office by the Sth of the month of publication. 


SITUATION VACANT 


ENGINEER, qualified, age 28-35, required for tech- 
nical-commercial work by London firm specialising 
in materials handling and cement works equipment. 
-Write details of age, experience, and salary re- 
quired, to Box 2007, Cement and Lime Manufacture, 
14, Dartmouth Street, London, 8.W.1. 


WANTED 
WANTED, flints, chalk or washed; also calcined/ 


burnt, iron free.—Quantities, prices and samples to 
Henshaw & Co., 97, Clearmount Road, Weymouth. 


ELECTRO FILTERS 


of all types for 


the removal of any 


suspended particles 


from any gas stream 


Lodge-Cottrell 


GEORGE ST. PARADE, BIRMINGHAM, 3 


Birmingham CENtral 7714 


London CENtral 5488 


17/P4316 
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Refractory service conditions are 


generally most severe in the “clinkering 
zone”, where the final clinkering or 
incipient fusion of the charge takes 
place, it is in this zone that refractory 
replacements are most extensive. 
Generally, the satisfactory perfor- 
mance of any refractory used in this 
zone is dependent upon the formation 
and retention of a clinker coating, 
which minimises chemical attack and 
thermal shock. When conditions of 
chemical corrosion are particulariy 
severe, Spinella “A/C, a basic brick, 
is necessary. 
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In a curve of the Tigris just south-east of Baghdad 
lies the works of the Iraq Cement Company. where 
Edgar Allen equipment is installed for the manu- 
facture of cement from local materials. The plant 
includes a 42” x 30” Jaw Crusher and K.B.4 
hammer mill pulverizer for the primary and 
secondary crushing of limestone. Clay washmill, 
0” diameter Combination tube mill for wet 
nvaterial-, 9° 0” dia. x 275° 0’ Jong 
Rotary “iln with enlarged slurry and burning zones 
12° 0” and 10° 6” dia. and 8’ 0” diameter Com- 
bination tube mill for cement grinding, together 
with ancillary equipment. 

Edgar Allen will design and supply cement plants 
for erection anywhere in the world where suitable 
raw materials are available. 
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